Dendrimer chemistry is a rapidly expanding field for both basic and applied reasons. 1,2 An important property of dendrimers is the presence of dynamic cavities.
Our aim is to design new fluorescent chemosensors that use dendrimers. In 2005, we reported a poly(amide amine) dendrimer derivative as a fluorescent chemosensor for metal ions. 5 Recently, we synthesized a poly(amine ester) dendrimer (generation 1) with naphthyl units (G1N6) as a fluorescent chemosensor for detecting metal ions. We report herein on unique results for metal-ion recognition by G1N6.
Structural formulas of G1N6 and its reference compound, naphthylmethyl acetate (NMA), are shown in Fig. 1 . G1N6 was obtained in four steps using the Michael reaction and an esterification reaction. The ESI-MS spectra of G1N6 showed corresponding molecular ion peaks, and the NMR spectra were appropriate for the compound. 6 Stock solutions of G1N6 were prepared by dissolving a weighed amount of G1N6 in acetonitrile. Titrations of G1N6 ([G1N6] = 10 μM) with metal-ion solutions were performed in a spectrophotometric cell with a path length of 1 cm. The resulting spectra were recorded from 200 -600 nm at room temperature with a Hitachi U-2001 spectrophotometer after the addition of each of the following metal salts: AgClO4, Al(ClO4)3, Ba(ClO4)2, Ca(ClO4)2, Cd(ClO4)2, Co(ClO4)2, Cu(ClO4)2, Fe(ClO4)3, Mg(ClO4)2, Ni(ClO4)2, and Zn(ClO4)2. Fluorescence spectra were measured using ex = 280 nm at wavelengths of 300 -700 nm with a Hitachi F-4500 fluorometer. The fluorescence intensities were measured in acetonitrile. The titrations were performed with a titrant (metal ions, 1 -1000 μM) and a titrate (G1N6, 10 μM). The metal-ion sources were identical to those used to perform UV-vis studies. The UV-vis absorption spectra of G1N6 are essentially identical to those of NMA.
Ground-state intramolecular interactions, such as charge transfer (CT), were excluded due to the absence of a new band at a longer wavelength for G1N6. In contrast, the fluorescence spectra of G1N6 showed a difference from that of NMA. Although NMA showed only emission from the naphthalene chromophore in acetonitrile, structureless broad emissions were observed in the longer wavelength region for G1N6. The observed excitation spectra of G1N6 are identical to the absorption spectra, indicating that these new longer wavelength emissions are due to excited-state intramolecular interactions-naphthyl-amine interactions (exciplex) and/or interactions between naphthyl units (excimer). We examined the change in the absorption and fluorescence spectra after adding metal ions to a solution of G1N6. When Ag + , Ba 2+ , Ca 2+ , Cd 2+ , Co 2+ , Mg 2+ , or Ni 2+ was added to an acetonitrile solution of G1N6, the intensity of the naphthyl emission (340 nm) increased slightly and reached a plateau at [metal ion]/[G1N6] -10. When Al 3+ , Cu 2+ , or Zn 2+ was added to an acetonitrile solution of G1N6, the intensity of the naphthyl emission (340 nm) increased significantly and the exciplex and excimer contribution to the longer wavelength emission decreased, and finally disappeared upon the addition of metal ions. The fluorescence spectra of G1N6 in the presence of various concentrations of Al(ClO4)3 are shown in Fig. 2 as a typical example. The titration curves produced by the fluorescence intensity at 340 nm are shown in the inset of constants (K) were determined from the fluorescence intensity changes at 340 nm by using a self-written nonlinear curvefitting computer program (NMRTIT).
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When the calculation was carried out by assuming a 2:1 complex (M2L), appropriate K1 and K2 values were not obtained. When the calculation was carried out by assuming a 1:1 complex (ML), the value of log K was 4.2. When Fe 3+ was added to an acetonitrile solution of G1N6, the intensity of the naphthyl emission (340 nm) also significantly increased at [Fe 3+ ]/[G1N6] = 0 -10, but the fluorescence intensity of the G1N6-Fe 3+ complex decreased with an increase in the concentration of Fe(ClO4)3 because the fluorescence of the G1N6-Fe 3+ complex and the absorption of Fe(ClO4)3 overlapped.
The maximum values of the fluorescence intensity (If,max) of G1N6 at 340 nm of [metal ion]/[G1N6] = 100 are shown in Fig. 3 3+ . This result shows that there is selectivity for metal ions on G1N6. Generally, fluorescence quenching is observed, when copper ions exist. However, the fluorescence intensity of the G1N6-Cu 2+ complex increased. These results are interesting and G1N6 is potentially a good fluorescent chemosensors for Al 3+ , Zn 2+ , and Cu 2+ . We have reported on the preliminary results of our studies of metal-ion recognition by a poly(amide ester) dendrimer with naphthyl units (G1N6). Further studies are now in progress.
